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ABSTRACT 



A method and system for synchroniziag transmission 
TDMA frames in a mobile satellite communication system 
are disclosed herein. The method of syndu'onizing a trans- 
mitted frame timing in a mobile satellite conmuinicatlon 
system comprises the steps of broadcasting a frame timing 
offset from a satellite to a moMe terminal having a timer, 
receiving the frame timing offset information transmitted by 
the satellite in the mobile terminal, and adjusting the timer 
in the mobile terminal based on Che timing offset infonna- 
tion. The system includes a plurality of mobile terminals; a 
satellite adapted to conmmnicate with each of the mobile 
terminals, the satellite having a satellite reference frame 
timing; at least one gateway in communication with the 
satellite, the gateway having a digital processor, the digital 
processor including a routine for calculating a frame timing 
offset; with the gateway transmitting the timing offset to at 
least one of the mobUc terminals, the at least one mobile 
ter min al receiving the timing offset and adjusting the mobile 
terminal transmit frame timing to conq)ensate for the timing 
offset 

16 Claims, 3 Drawing Sheets 
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METHOD AND SYSTEM OF FRAME TIMING Tbercfoie, there is a need for a timing synchronization 

SYNCHRONIZATION IN TDMA BASED method which tracks satellite motion correcUy for long 

MOBILE SATELLITE COMMUNICATION periods of time for systems which operate with many mobile 

SYSTEM tenninals connected to a signal gateway. 

BACKGROUND OF THE INVENTION ^ SUMMARY OF THE INVENTION 

The present invention relates generally to satellite com- AccOT^inglyrifieJraenrinvfention is directed to a method 

miinication systems, and marc particularly to a method and aijo^^lton tiiat^^Siantially obviateTohe or mcrC^^A^ 

system for synchronizing burst timing in a mobile satellite problems due to limitations and disadvantageTof the reOted 

communication system. gj^^ 

Mobile satellite commimication systems generally com- To achieve these and other advantages, and in accordance 

prise at least one satellite, at least one fixed ground terminal with the purposes of the present invention, as embodied and 

sudi as a gateway, and a plurality of mobile terminals. The broadly described, the invention is a method of synchroniz- 

mobile terminals communicate with the gateway or other iog a transmitted frame timing in a mobile satellite commu- 

mobile tenninals via the satellite over communication cfaan- nication system comprising die steps of broadcasting a 

nels using time division multiple access (TDMA). frame timing offset fh>m a satellite to a mobile terminal 

In TDMA systems, many time slots and bursts which having a timer, receiving the frame timing offset information 

occupy the lime slots provide tiie coramuiucation channels transmitted by the satellite in the mobile terminal, and 

for a given carrier frequency. Each burst occupies a different adjusting ttie timer in the mobile terminal based on the 
time slot within a TDMA frame. Each burst widiin the frame ^ timing offset information. 

is separated by an inter-burst guard time to avoid intcrfer- in anodicr aspect of the invention, a method of synchro- 

ence between bursts. Because of the limited amount of nizing a transmitted frame timing in a mobile satellite 

frequency spectrum allocated to the satellite conununication communication system comprises the steps of broadcasting 

system, it is desirable to maximize d)e number of bursts per a frame timing offset from the gateway terminal to a mobile 

frame which in turn requires a minimization of the inter- terminal having a timer, receiving the frame timing offset 

burst guardtime. The guard time can be minimized when the information transmitted by the gateway in the mobile 

timing of each burst is carefully maintained during each tenninal. and adjusting the timer in the mobile terminal 

burst at the proper point in time. based on the timing offset information. 

TDMA c^>eration, in conjunction with the time-slot inter- in another aspect of the invention, a method of synchro- 
change switch onboard the satellite spacecraft, imposes the nizing a transmitted frame timing in a mobile satellite 
system requirement that all trafiGc routed through the communication system conqnising the steps of receiving a 
onboard switch be frame and time-slot synchronous widi the timing reference signal from a satellite, deriving the time of 
switch. In order to meet this requirement, all network occurrence of the timing reference signaL broadcasting a 
elements transmitting toward the spacecraft must adjust their control signal to the system, receiving the control signal 
respective TDMA frame and sub-slot timing so that all from the system ocincident with a control channel frame. 
TDMA frames are synchronized on arrival at the spacecraft. deriving the time of occurrence of the control signal, corn- 
In some systems, the system TDMA frame timing reference paring the time of occuaence of the timing reference signal 
must be derived from the onboard switch framing reference with the time of occurrence of the control signal, and 
as it appears at the spacecraft ^ adjusting the transmitted frame timing based on the corn- 
Timing errors can occur in mobile satellite communica- parison. 
tions systems, however. In particular, a major cause for in yet another aspect of the invention, a mobile satellite 
timing errors in such systems is doppler-induced time errors communication system is jH'ovided having a plurality of 
due to satellite motion. Such motion includes, for example, mobile terminals; a satellite adapted to communicate with 
the satellite's **drift." or differential orbit path relative to the 43 each of the mobile terminals, the satellite having a satellite 
earth. For regular Intervals of time, however, the satellite has reference frame timing; at least one gateway in comimmi- 
a predictable "ephemcris," wherein the exact position of the cation with the satellite, the gateway having a digital 
satellite is known. processor, the digital processor including a routine for 
Timing synchronization is conventionally achieved at calculating a frame timing offset; with the gateway trans- 
each mobile terminal through frequent periodic timing mea- 50 mitting the timing offset to at least one of the mobile 
surements at the gateway individually for eadi mobile terminals, the at least one mobile terminal receiving the 
terminal. Individually synchronizing each noobile terminal timing offset and adjusting the iiK)bile terminal transmit 
can consume a signiiicant portion of the satellite spectrum, frame timing to compensate for tiie timing offset 
however, and occupy valuable processing power at the jhe system TDMA frame timing reference is derived 
gateway. These {Hx>blems are magnified when one considers 55 f^m the satellite's onboard time-slot interchange switch 
that typical mobile satellite systems generally contain many frame reference. All nctw(»k elements that transmit toward 
mobile terminals (e.g., more than 500 units). the satellite will align their respective transmit frames in 
The timing synchronization implementation must achieve time so that the beginning of the first symbol period of each 
and mflintflin frame synchronization of all gateway stations frame arrives at the satellite coincident with the begiiming of 
and mobile terminab. Mobile terminal synchronization nuist 60 the first symbol period of the frame as seen at the time-slot 
be maintained throughout both mobile to gateway calls as interchange switch. The primary gateway will synchronize 
well as mobile to mobile calls. At the mobile tenninal, any to the spaceaaft originated reference via a closed loop 
timing control algorithm must appear the same for both Ku-hand to Ku-band channel. Additional gateways In the 
mobile to gateway and mobile to mobile calls, system will synchronize to an intra-nctwork control channel 
In addition, the timing control implementation must pro- 65 tiial originates at the primary gateway. Mobile terminals will 
vide a high degree of immunity to traffic disruption due to synchronize to broadcast control channels transmitted to 
single point failures. each beam Throughout the duration of a calL mobile 
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Icnninals will maintain synchronization via feedback tenninal in this description, therefore, can also encompass 

received from its correspondent (either a gateway or another fixed terminals. 

mobile terminal). The mobile tenninal 22 communicates with the space 

The preferred embodiment of the system provides for a segment 24 via an L-band frequency in a spot beam 28. Each 

significant reduction in burst time drift measurements at fte ^ spot beam 28 is associated with a predetermined geographic 

gateway station and the associated significant reduction of region. The primary gateway 26 coimnunicates with ttie 

the communications bandwidth required to transmit the drift space segment 24 over a Ku band frequency. The space 

measurement fr<Hn the gateway to the mobile tenninal being segment 24 includes transponders for translating between 

synchronized the l^band spot beam signals used by die mobile tenninals 

m mobile tcmiinal implements the frame timing error ?2 'md the Ku-Band sigmds used by the gateways 26 and 

correction airve as progZmed. Since the sateUite ephem- 240. -Hie ga^ay 26 intafaces wiA a ^"^^^1^^^ 

cris is calculated in advance, the mobUe terminal can also be ca^ such as the pubUc switch^ telephone n^o^^ 

programmed with the frame timing conectionvahies which, ^STO), and may also mterface with a ceUular netw^^^ 

when appHed to the most recent synchronizations, can TT^us, a user may place a caU on^mohile toromal 22 to 

tile frame timing and thus the bunt timing. The eitha a land Hne user over the PSTK or to a cellular phone 

requirementfordatatransmissionisfurthersimplifiedbythe user ovcx the ceUular network. ^ . , 

gateway broadcasting die median transmit burst timing. The space segment 24 preferably provides L-band-to-L- 

unique to each spot beam, in the control channel which band TDMA bent pipe single hop commmucation to support 

serves tfiat spot beam mobile to mobflc coimnunication. At the space segment 24, 

^ ^ r . A ^ *», u.^^t ^ the L-band uplink and downlink arc transmitted via nuiltiple 

Tlie benefit of broadcastins the median transmit burst ^ ^ .i 

inc "cucm ui uiuaucasiiuij /^«.^ tK«n SDOt beams. In the preferred embodiments, small spot size 

timing IS that any one of many mobile tenmnals more than ^ ^ 28 provides a link margin blowing 

500)cantransmitaninitialburstwhich^^^ Il^te^ 2? to commiScate with low^Ter mobUe 

the systeit. fr. previous conmiumcationjsten^ ^aasmit- embodiment pro- 

tmg an mitial burst r^uired an excessively wide time slot ^ frequency reuse so that many, preferably about 

forthatburstbccausethebur^tamvaltunewasnotaccurate ^^^^^^^ /u^^ ^^ount of 

It is to be understood that both the foregoing general j^^^ spectrum. Preferably, the bandwidth of each spot 

description and the foUowingdctaUed description arc cxcm- 28 can be varied to accommodate changing traffic 

plary and explanatory and are intended to provide further patterns. 

explanation of ti»e invention as claimed. 30 subscriba-s to the system have a unique lclq)hone num- 

The invention, togedicr witii further objects and attendant ^ allows them to receive calls when they are registered 

advantages, will best be understood by reference to the ^^^^ space segment 24 coverage area. A registration proce- 

foUowing detailed description, taken in conjunction with the locates the mobile 22 within a particular spot beam 28 

accompanying drawings. coverage area when the mobile tenninal 22 is turned on. 

BRIEF DESCRJPnON OF THE DRAWINGS ^L^l'^^u 

rcstrial facility by connectmg the call through one of the 

FIG. 1 is a Wock diagram of a jscfeired embodiment of gateway stations 26. At this point the gateway 26 detcr- 

a mobile satellite cosnmunication system on which is iD^&- mines the location of tiic mobile 22 and sends a message to 

mented the present invention. the mobile tenninal 22 to aimounoe the incoming caU. 

FIG. 2 is a block diagram of a preferred embodiment of The system 29 utilizes low rate encoded voice transmis- 

a mobile terminal for use in the mobile satellite communi- sion. Preferably, some of the mobiles 22 arc dual naode, 

cation system of FIG. 1. allowing voice conmmnications cidicr via satellite or via the 

FIG. 3 is a block diagram of a preferred embodiment of local cellular system. The gateway earth station 26 provides 

a gateway earth station for use in die mobUe sateUite ^5 for user mobiUty as die user's mohUc terminal 22 moves 

communication system of FIG. 1. from ^t beam 28 to spot beam 28. 

FIG. 4 is a blocktiming diagram showing the transmitting In addition to tiie communication channels earned by die 

and receiving frame offsets positioned in die preferred space segment 24, some of die space segment resources are 

embodiment of Ac present invention. used for control frinctions. fri die prcfcncd embodiment, one 

or more chaimels in each spot beam 28 are control channels. 

DETAILED DESCRIPTION OF THE For example, die gateway station 26 places a fcwward control 

PREFERRED ENfBODIMEOTS signal in each spot beam 28 to allow synchronization d die 

Referring now to die drawings, and more particularly to niobUe terminals 22 and to ca^ network control infonn^ 

FIG. 1, a liefeired embodimenT of a mobile SateUite com- tion from die gateway staUon 26 to the mobde tenmnals 22^ 

munication system 20 is illustrated The mobile ccamnuni- 55 The forward control channels allow mobQe tenmnals 22 

cation system 20 includes at least one mohQe tenninal 22. at to acquire a satellite carrier and identify die spot beani28 

least one space segment 24 such as a sateUite, and at least and gateway station 26 tiiat aiginates die signal. The 

one gateway cartii station 26. The gateway 26 in diis gateway 26 uses die forward control channel to p^c 

embodiment is designated die •'primary- gateway, and odia mobiles 22 using dicir unique address to announce mobile 

gateways in die system, such as gateway 240, are designated 60 terminated calls. 

"secondary** gateways. Each spot beam 28 preferably contains a return direction 

The mobUe tenninal 22 is preferably eitiier a handheld signaling channel diat mobUe tenmnals 22 use to initiate 

phone or a vehicle mounted unit The tenn mobile tenninal calls or to register witii die gateway 26. 

indicates diat a tenninal may be used by a mobile user. It is During a call in-band low data rate control dianncls arc 

well known in ttie art that a mobile terminal can also be 65 preferably available between the mobile 22 and die gateway 

operated in a fixed station, ttius. the term mobile terminal 26 for call supervision, power control, and to indicate call 

also includes fixed terminals. The use of the term mobile tennination. 
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A preferred embodiment of a mobile terminal 22 is shown that is well known to those skilled io die ait Beth the CELP 

in FIG. 2. The mobile terminal 22 includes a satellite module type and the MBE type encoder produce an output having a 

40, a satellite antenna 42, a cellular module 44. and a user voice quality which has t>een measured as having a MOS of 

interface module 46. The satellite noodule 40 is coupled to 3. 2. Of course, if an application allows a lower quality voice 

the user interface nKxlule 46, the cellular module 44. and the 3 signal, such as in a military af^lication. even lower rate 

satellite antenna 42. Inferably, the satellite antenna 42 is a . encoding could be used. 

physically small antenna, such as a helix type antenna. The xhe controller 62 preferably provides a multi-tasking 

satellite module 40 Includes a modem and TDM A dmer 48, firmware environment fcx monitoring and controlling the 

an RF coder and decoder 50, a Inirst transmitter 52. a mobileterminalhardwaFe.ThecontrDllcr62may occupy the 

receiver 54. and a transmit or receive (T/R) switch 56. In fte lo same processor as the voice transcoder <x may optionally be 

preferred embodiment, the modem 48 is connected to the RF di^sed on a separate processor. Freferably, the controller 

codec 50. and the RF codec 50 is connected to the burst ^2 includes an I/O interface 64 that provides a conmumi- 

transmitter 52 and to the receiver 54. The T/R switch 56 is cation interface with a user. The I/O interface 64 includes a 

connected to the burst transmitter 52. the receiver 54, and the keypad for data entry such as a phone number, a display, a 

satellite antenna 42. is data port, for digital communication such as a facsimile 

Within the satellite module 40. the modem 48 converts transmission, and a smart card interface as specified for 

speech or data saixq)le$ to and from channel symbols using GSM. 

quadrature phase shift key modulation (QPSK). QPSK is cellular module 44 allows the mobile terminal 22 to 

preferably performed digitally by an application-specific communicate with a cellular system over a second antenna 

integrated circuit w alternatively on a commercially avail- 20 jjjg second antenna is a linearly polarized whip meeting 

able digital signal processOT. The RF codec 50 converts cellular systcni standards and the cellular module 44 uses 

channel symbols from ttic ixKxlem 48 into baseband I and Q standard components, such as a GSM chip set, known lo 

signals that are transmitted to the burst transmitter 52. In the those skilled in the art Preferably, the ittobile terminal 22 

receive direction, the RF codec SO processes an IF signal 53 operates in a first mode where the teiminal 22 functions as 

from the receiver 54 for input to the modem 48, 25 ^ conventional cellular phone. In a second mode, the mobile 

The burst transmitter 52 converts the I and Q signals from terminal 22 preferably operates so tiiat the mobile terminal 

the RF codec 50 up to a desired frequency, preferably an 22 communicates with the satellite 24. A battery 68 is 

I^band frequency, for transmission by the first antenna 42. provided for portable operation of the mobile terminal 22. 

The receiver 54 converts a received L-band signal from the preferred mobile terminal 22 has many advantages, 

first antenna 42 into the IF signal 53 sent to the RF codec 50. ^ example, the m(*ile terminal 22 provides dual-mode 

The T/R switch 56 allows tiie mobile terminal 22 to either operation, either cellular or satellite. Also, the mobile ter- 

transmit data or receive data. Since the preferred mobile minal 22 provides high quality digital voice with a measured 

terminal 22 docs not transmit and receive simultaneously, MOS scotc from about 3.2 to 4.0. FUither, the mobile 

the mobile terminal 22 does not need a large filter to isolate terminal 22 allows for paging and messaging, transmission 

the transmission and reception paths. Many conventional at a 2400 or 4800 bps data rate via the data port and provides 

mobile terminals require a duplexor or similar device to a convenient cellular-like interface. Also, the motnle termi- 

perform such filtering. However, conventional ntobile ter- nal 22 may transmit on a single channel using a single time 

minals 22 with duplexors are more costly, add weight and slot within a carrier signal allowing many other mobile 

add ^>proximately one-half d& of undesirable insertion loss. ^ tenninals 22 to transmit over the same carrier. Thus, the 

The mobile terminal 22 also includes a synAesizer 58 that mobile terminal 22 efficiently transmits over scarce L^band 

provides a fixed local oscillator signal for the RF codec 50. frequency resources. 

The synthesizer 58 includes a variable local osdllatfK^ fcH* pjo, 3 is a block diagram of a preferred embodiment of 

channel tuning within the satellite module 40 and generates a primary gateway 26 (or secondary gateway 240). The 

data dock signals for the modem 48. Both the fixed local ^ gateway 26 includes a mobile switching center (MSG) 114, 

oscillator and the variable local oscillator within the syn- a plurality of base station controllers (BSCs) 118, a plurality 

thesizer 58 may be adjusted based on commands from either of base transceiver stations (BTS) 120, a radio frequency 

the gateway 26 or from another mobile terminal 22. In the unit 160, and a high-stability oscillator (HSO) 110. The 

preferred embodiment the synthesizer 58 is coimected to the MSG 114 allows communication with die public switched 

receiver 54 and to the cellular module 44. ^ telephone network (PSTN) and odier mobile switching 

The user interface module 46 includes an audio and codec centers. The MSG 114 is connected, prcferal^y by an 

unit 59, a voice processing unit 60, a controller 62, an A-interf ace 140 such as a standard E2 or E3 line, with at least 

input/output (I/O) interface 64, and a memory 66. one BSG 118. The BSG 118 is connected through a com- 

EYeferably, each element within the user interface module 46 munication channel 142. sudi as a Tl line, to one or more 

communicates with the other user interface elements. 53 of the base transceiver stations (BTS) 120. Each BTS 120 

The audio unit 59 digitizes an audio analog signal from a niay communicate over an RF frequency with a naobile 

telephone handset (not shown) into a digital 64 Kilobit per terminal 22. The HSO 110 provides a reference frequency 

second (Kh/s) pulse code modulation (PCM) signal. The signal to the BSG 118 and tiie BTS 120. The HSO preferably 

audio unit 59 also converts digital PGM signals into an audio has an accuracy of ±1x10 . 

signal transmitted to the telephone handset (not shown). 60 A telephone ^^call** may be originated from the mobile 

The voice processing unit 60 includes a voice transcoder terminal 22 by transmitting initialization data up to the space 

that performs source coding to compress the digital 64 Kh/s segment 24 over a control channel and then down to the 

PCM signaL Specifically* an encoder running on a program- gateway 26. In the preferred embodiment the control chan- 

mable digital signal processor, such as a low delay GELP ncl is received over a time slot within a frequency assigned 

encoder, coii^>resses the 64 Kb/s PCM signal into approxi- 65 to a spot beam 28 having a coverage area surrounding the 

mately a 3.6 Kb/s encoded signal. Alternatively, the encoder mobile terminal 22. At the gateway 26, the call is 

may be a multibased excited (MBE) type 3.6 Kb/s encoder transmittcd/rcceived via an RF channel in the radio fre- 
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quency uoit 160 to the BTS 120 assigned to the spot beam 
28 servicing the mobile tenninal 22. From the BTS 120, the 
call is routed to the BSC 118, and then to the MSG 114. From 
die MSG 114. the call is routed to either the PSTN or another 
MSG. Thereafter, a communication channel is established 
dirough the entire gateway 26, and a subscriber using the 
mobile terminal 22 may communicate over the established 
communication channel 

Galls may also originate from either the PSTN or another 
MSG. Such a call enters the gateway 26 at the MSG 114 and 
is routed to one of the BSGs 118. The BSC 118 then pages 
ttie mobile terminal 22 via the api»opriate BTS 120. After 
die mobile terminal 22 responds to the page from the BTS 
120. a communication channel is established. 

An overview of the burst timing synctoonization proce- 
dure for each element in the network follows. Burst timing 
synchronization in the system 20 is desirable to minimize 
the bandwidth consumed by inter-burst time guard times and 
to allow non-inteif ering communication between geographi- 
cally disparate gateway earth stations 26 and the large 
number of mobile terminals 22 distributed over the satellite 
I^band foo^nint The following table illustrates the pre- 
ferred allocated guard times and channel capacity for the 
system: 

TABLE I 



10 



15 



Subatot Copfiiwrgtiocs and Capacity 



Fast 



Subslots 


Guard 


Over- 


Pay. 


Cbanwl 


per 


Tbne 


head 


load 


Capacity 


Channel 


(tnts) 


(bits) 


(tnts) 


(kbps) 


1 


11.23 


24 


40 


1 


2 


10.46 


24 


116 




3 


9.69 


24 


192 


4.8 


(Bask 










dunoel) 








6.6 


4 


1Z93 


24 


264 


5 


16.16 


24 


346 


8.4 


6 


19.39 


24 


408 


. 10.2 


7 


10.62 


24 


492 


12.3 


8 


13.83 


24 


564 


14.1 


9 


17.08 


24 


636 


153 


10 


20 J 1 


24 


708 


17.7 


n 


11.55 


24 


792 


19.8 


12 


14.78 


24 


864 


21.6 



25 



30 



35 



40 



The preferred timing synchrooization implementation is 45 
designed to overcome timing errors introduced by dopfder 
due to satellite motion. 

In the inefecrcd embodiment, a mobile terminal 22 can 
switch between traffic bursts firom another mobile terminal 

22 and control bursts from a gateway 26. In this 50 After receiving and applying residual 



network 20. The geographic location of the gateway earth 
stations 26 and the geographic center of each spot beam 28 
should be available to the gateway 26. 

The satellite 24 provides a single timing reference for 
frame timing synchronization functions. Preferably, the sat- 
ellite 24 provides adequate stability for the onboard frame 
timing reference without control or stabilization from die 
ground network. Altmatively, the satellite 24 may synchro- 
nize its frame timing reference 23 via an outbound reference 
burst in a Payload Response Channel (PRC) and/or an 
inbound Broadcast Control Channel (BCC) transmitted from 
a System Control Station (SCS) located on die ground. The 
short term stability of the free ninning onboard frequency 
reference generator 23 should allow the network 20 to 
continue to handle calls that do not require action by the SCS 
in the event of failure of the SCS until a switchover to a 
redundant SCS can be accomplished. 

At each gateway 26 in die system 20. a local frequency 
reference, such as the high-stability oscillator 110. with an 
absolute accuracy of ±1.0x10"* shall be used to derive all 
transmit symbol clock frequencies. 

Based on the satellite ephemeris, each gateway 26 calcu- 
lates a frame time shift that is introduced on the Ku-band 
uplink and downlink signals due to relative motion of the 
satellite 24 toward the gateway 26. The gateway 26 prefer- 
ably adjusts its transmit frequency to compensate for the 
dopplcr introduced on the uplink. At the satellite, earners 
received from the gateway 26 thus appear at the nominal 
frame timing. 

Mobile tenninal frame timing synchronization is aided by 
broadcasting timing correction information from oac oi die 
gateways 26 to each of the mobile terminals 22. The gateway 
26 preferably determines a doppler induced error due to 
satellite nation toward die center of each spot beam 28. 
Satellite spot beam specific dc^Tpler caoi information is 
preferably broadcast over the forward control channels 
originating at the gateway 26. Each mobile terminal 22 in a 
spot beam 28 receives die satellite frame timing offset from 
the gateway 26. In die preferred embodiment the satellite 
frame timing offset is due to satellite motion toward the 
geogr^hic center of the spot beam 28. 

By compensating for satellite motion-induced dopplcr. 
the mobile terminal 22 removes all but a small residual 
timing error due to the mobile tenninal* s position relative to 
die center of the spot beam 28. The residual error may be 
removed fc^owing mobile terminal transmission on a con- 
tention access channel (CAC). On receipt of the mobile 
tenninal* 5 CAC transmission, the gateway 26 measures the 
residual frame timing ecror and reports the error back to the 
mobile terminal 22 on an access re^nse channel (ARC). 

en'or correction 



embodiment all signals reaching die mobUe tenninal 22 
should have about the same timing synchronization error. 

Preferably, each element in the network 2t adjusts its 
transmit burst timing to compensate for doppler due to 
satellite motion so that transmitted signals arrive at the 
satellite 24 widi identical frame timing. Ihus, signals arriv- 
ing at the mobile terminal 22 theoretically should only have 
a timing offset from downlink dopi^er due to relative motion 
between the satellite 24 and die mobile terminal 22. 

In the preferred embodiment the timing synchronization 
method im>vides control of mobile terminals 22 during 
noobile to gateway calls and mobile to mobile calls. In 
addition, the preferred timing synchronization innplementa- 
tioo provides a high degree of immunity to traffic disruption 
due to single point failures. 

The preferred emibodiment requires that the satellite 
ephemeris is available to the gateway earth stations 26 in the 



55 



60 



65 



information, the mobile terminal 22 compensates for frame 
timing errors due to satellite motion, and mobile terminal 
relative position circrs. 

Each gateway 26 preferably monitc^ its own transmis- 
sion by receiving the Ku-band downlink. The received frame 
time will be offset by the satellite doppler on die downlink 
due to satellite motion with respect to die gateway 26. 

By measuring the received frame timing and determining 
the offset from the nominal frame timing, the gateway 26 
determines a combined downlink erroL Based on the satel- 
lite ephemeris, each gateway 26 prfcrably calculates die 
average timing error introduced on the L-band uplink and 
downlink signals in each ^t beam 28 due to relative 
motion of the satellite 24 toward the geogrq)hic center of 
each spot beam. Each gateway 26 broadcasts the satellite 
frame timing error on the f<Hward control diannd in each 
spot beam 28. 
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The forward control cbanDcl from the gateway 26 is 
received on the L-band downlink at the mobile tenninal 22. 
At the mobile terminal 22, a received frame is offset due to 
satellite motion relative to the mobile terminal 22. 

Thus, the total doppler seen at the mobile terminal 22 is 
the sum of doppler due to motion relative to the center of the 
spot beam and an additional component of doppler due to the 
mobile terminal's position with respect to the geogrq>hic 
center of the spot beam. 

When the mobile terminal transmission is received at the 
satellite 24, the frame timing of the transmission includes 
doppler due to the relative motion of the satellite 24 and the 
mobile terminal 22. 

The total doppler seen at the satellite 24 is die sum of 
doppler due to motion relative to the center of the spot beam 
28 and an additional coiiq>onent of dealer due to the mobile 
terminal's position with respect to the geogrq)bic center of 
the spot beam. 

At the controlling primary gateway 26, the mobile termi- 
nal's transmission is received with additional frame timing 
offset due to satellite translation eiTor and doppler due to 
satellite motion with respect to the gateway 26. 

FIG. 4 illustrates the frame timing offset in the systenL In 
the numbering of frames in the forward and return 
directions, the forward carrier is always advanced in time 
wiA respect to the return frame with the same numbor. At the 
satellite, this time advance is 275 msec as shown in FIG. 4. 
At the mobile terminal 22, the time advance between the 
received and the transmitted frame with an equal number is 
variable with the geographical location of the mobile ter- 
minal; however, this offset can not be less &an 5 msec and 
shall not exceed 35 msec in the mobile terminal without 
dupiexers since the mol»le tenninal transmit and receive 
slots shall not overli^. Slots in the basic frame (eight slots 
per frame organization) as well as the associated burst and 
channels are numbered 0 to 7, with slot 0 being the first 
transmitted in the frame. 

Refemng again to the previous figures, when comparing 
the timing error seen at the primary gateway 26 on the 
loopback control channel to the error seen on the mobile 
terminal's transmission, the mobile terminal signal is offset 
by about twice the doppler due to mobile tenninal and 
position in the spot beam. The primary gateway 26 will see 
this offset on an access channel transmission received from 
the mobile tenninal 22. The primary gateway 26 measures 
and reports the total error back to the mobile terminal 22 via 
the access response channel. In the pr^erred embodiment, 
the mobUe tenninal 22 then adjusts its transmit frame timing 
by an amount corresponding to one-half the error rqKxrted 
by the gateway 26. 

By following the procedure described above, the mobile 
terminal 22 compensates for frequency offsets due to satel- 
lite motion. 

During a call mobile tenninals 22 |^cf crably continue to 
monitcH- the forward control diannel fr^m the gateway 26. 
Ttie gateway 26 periodically reports changes in liming error 
due to satellite motion via the forward control channel 
Preferably, the mobile terminals 22 observe the changing 
ooirection terms by monitoring the forward control dianneL 
and adjust their transmit frame timing accordingly. 

During a mobile to mobile call, each mobile terminal 22 
preferaUy monitofs the forward control channel from the 
controlling gateway 26. The gateway 26 preferably rqxHts 
changes in frame timing mx due to satellite motion via the 
forward control channel The nootHle terminals 22 observe 
the r^xsrted changes from the gateway 26 and accordingly 
adjust the transmit frame timing. 
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Frame timing drift generally due to satellite motion, in a 
first mobile tenninal 22 is preferably monitored by a second 
mobile terminal 22 participating in a mobile to mobile call. 
In the prefecred embodiment drift of the first mobile termi- 

3 nal 22 is determined by monitoring the relative drift between 
the received forward control channel and the received traffic 
channel at the second mobile tenninal 22. By comparing the 
timing synchronization of the received trafiSc channel to the 
timing synchronization of the forward control channel, the 

10 second mobile terminal 22 determines a timing offset for the 
first mobile terminal 22. The second mobile terminal 22 
reports the observed timing offset to the first mobile terminal 
22, and the first mobile terminal 22 adjusts its transmit frame 
timing to compensate for the reported timing offset. 

IS Preferably, the above method of adjusting for frame timing 
in a mobile to mobile call is performed periodically through- 
out the duration of the call. 

A more detailed descrq>tion of the various embodiments 
of the frame timing synchronization procedures is set forth 

20 below. 

In one embodiment of the present invention, timing 
control is dmved directly from the satellite's frame refer- 
ence. The frame reference is derived from flie satellite's free 
running payload master frequency reference. The payload 

25 master frequency reference provides long-term accuracy to 
one part in 10^. The frame reference is transmitted to the 
primary gateway 26 imbedded in the payload refuse 
channel (PRC), which provides command acknowledgment 
and payload stams response to the system control subsystem 

30 (SCS). The SCS is a pwtion of the ground-based gateway 
that performs the timing broadcast and repeating steps of the 
present invention. The SCS may be implemented within any 
particular gateway or ground network. The PRC is organized 
as a 40 millisecond framed channel with a unique word 

3S defining the start G( the frame. The leading edge of the first 
symbol of the unique word is precisely related to the 
time-slot interchange switch fr^me reference. The data rate 
used on the PRC may be higher than the rate used for 
communication channels to provide better start of frame 

40 time resolution. 

At the primary gateway 26, the SCS will monitor the VRC 
and extract the 25 Hz frame reference. The SCS will then 
align its transmitted frame to the received frame reference. 
Precise time alignment is achieved and maintained by moni- 

45 toring the transmitted signal (as it is received on the Ku-band 
downlink) and con^)aring the received frame timing to the 
reference timing found on the PRC. The SCS will then adjust 
the frame timing of the transmitted channel until the 
received channel is precisely aligned with the received PRC. 

so Thefsimary gateway 26 will maintain all transmitted frames 
synchronous with the transmitted loopback channel 

From the PRC, the SCS will derive a receive timing 
reference signal. Expected Time of Arrival (E-TOA). The 
signal E-TOA shall be cdncident with the beginning of the 

55 first symbol period of each frame as received at the [oimary 
gateway 26 antenna flange. After doiving E-TOA from die 
PRC, the SCS will begin transmitting a Ku-band to Ku-band 
intra-network communications system control channel. 
Initially, the first symbol of the transmitted control channel 

60 fr^me will be offset from E-TOAby a time that is determined 
by the SCS based on the geographic location of the primary 
gateway 26 and die satellite's orbital position (as determined 
by ephemeris data i^ovided by the TT&C system). The SCS 
will monitor its own transmission, as it is received on the 

65 Ku-band downlink. The SCS will derive a signal. Actual 
Time of Arrival (A-TOA) from the monitored downlink 
channel. The signal A-TOA shall be coincident with the 
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begmning of the first symbol period of the control channel the SCS at the pnmaiy gateway 26. The SCS will transmil 

frame as received at the pdmary gateway 26 antenna flange. a Broadcast Control Channel (BCC) in eadi spot beam. The 

The SCS wiU compare the time of occuticncc of A-TOA to BCC will be frame synchronous wife the satellite time-slot 

Ac time of occurrence of E-TOA. The SCS will then adjust interchange switch frame as described in previous sections 

the offset of the transmitted frame relative to E-TOA until 5 above MobUe terimnals^mU dcri^^^ 

A TTkA 4c ^«inniH^nr Airith V TOA cucc from the rcccived BCC. ImUally, the mobile terminal 

(^r^at^aT^^ 240 in the ^2 wiU transmit toward the satelUte' with timing derived 

Otoer gateways, such as secondary gateway ^v, m inc received BCC. Ptcdse time alignment is achieved 

mobUe sateUite system wiU then receive the mtra-network fced^SoW^ by the SCS. TUc SCSwiU receive the 

control channelfromthepnmaiy^tewayM.Ead^ Krtcrnu^al's tranLission on the contention access 

ary gateway will extract a frame reference froin the r^ved lO ^^^^^ conwaic tfie received frame timing to 

intra-nctwork control channel. The gateway 240 will then reference timing found on the PRC. The SCS will then 

aHgn its transmitted intra-network response channel frame to instruct the mobUe terminal 22 to either advance or retard its 

(he received frame reference. Precise time alignment is transmitted frame until Ac received CAC is precisely 

adiieved and maintained by feedback provided by the SCS. aligned with the received PRC. Mobile terminal timing is 

At the primary gateway 26, the SCS will receive the 15 maintained throughout the duration of a call with the aid of 

response channel on the Ku-band downlink and compare the feedback from the corresponding side of the call 

received frame timing to the reference timing found on the Each mobile terminal 22 in the mobile satellite network 

PRC. The SCS will then instruct the gateway 26 (where the will acquire and synchronize to the BCC in its respective 

response channel originates) to either advance or retard its spot beara Each naobilc will extract a frame reference signal 

transmitted response channel frame until the received 20 E-TOA from the received broadcast control channel. For 

response channel is precisely aligned with the received PRC. initial access to the system, the mobile terminal 22 will 

Each gateway in flic network will maintain ail transmitted transmit on the CAC. The start oi the first symbol of CAC 

frames synchronous with tiie intra-nctwork response chan- transmit frame will be offset from E-TOA by a time that is 

nel frame. dependant on tfie geographic location of the spot beam and 

In flic i^efcfied embodiment, each gateway in the mobile 25 on the satellite's orbital position. The required initial access 

satellite communication n^oik will acquire and synchro- timing offset will be calculated by the SCS and broadcast on 

nizc to flic intra-nm^ork control channel transmitted by the the BCC. The initial access offset broadcast by the SCS will 

SCS at the primary gateway 26. After extracting ttie frame be die calculated mean offset for the spotbeam, assuming 

reference from ttie contt-ol channel, each secondary gateway uniform distribution of mobile terminals 22 witfiin die beam. 

240 may flien transmit a Ku-band to Ku-band intra-networic 30 As mobile terminals 22 access flie CAC, the SCS will 

communications system response channel to the SCS. compare the time of arrival of tiie burst received on tfie CAC 

Initially, the first symbol of flie ttansmittod response channel to the expected position in ttie frame and will transmit a 

frame will be offset from the frame reference derived from correction back to the mobile terminai 22 via the Access 

flic control channel by a time that is determined by ttie SCS Response Channel (ARC). The mobUe tcxminal 22 will 

based on flic geographic location of the gateway and by die 35 adjust its tt^ansmitted frame timing accordingly. During a 

satellite's orbital position. At ttie primary gateway 26, flie call, timing reference tracking is acccanplished by correction 

SCS will receive flic response channel on ttie Ku-band information received by ttie corresponding gateway or 

downlink and derive a signal A-TOA, where A-TOA is mobile teaminal as described in ttie sections that follow, 

coincident witti flie beginning of flic first symbol period of During mobile to gateway (and gateway to mohUe) calls, 
flie response channel frame as received at ttie primary 40 mobile terminals 22 will preferably receive Tx frame timing 

gateway 26 antenna flange. The SCS will conqiare ttie time correction infonnation from ttie corresponding gateway. The 

(rf occurrence of A-TOA to ttie time of occurrence of gateway will derive an actual time of arrival (A-TOA) signal 

E-TOA The SCS will ttien instruct ttie gateway (via an from ttie received transmission. The gateway will ttien 

intra-network contrd channel) to eiflicr advance or retard its coit^xare ttie received mobile terminal burst A-TOA to ttie 
transmitted response channel frame until A-TOA is coind- 45 expected TOA and will tt-ansmit timing correction back to 

dent with E-TOA and ttie received rcqwnsc channel is the remove via inband signalling on ttie fraffic channel 

precisely aligned witti ttic PRC received frcnn ttie satellite. For mobUe to mobile calls, mobac terminals 22 involved 

In an alternative embodiment of the invention, all gate- in such calls must receive frame timing aaxection informa- 

ways can employ a loopback timing synchronization tion from ttic ccne^nding mobile terminal This is nec- 
approach where an Expected Time of Arrival (E-TOA) 50 essary in OTder to satisfy ttie requirement tfiat ttic timing 

signal is derived from flie intra-nctwork control channel control implementation be similar for all types of calls. Each 

transmitted by flie SCS at ttic primary gateway 26. The mobile terminal 22 will derive an expected time, of arrival 

gateway wiD then transmit its response channel toward ttie (E-TOA) reference signal from flie BCC. The signal, E-TOA 

satellite. Initial timing will be dependant on ttie satellite's will be coincident with ttie start of ttie first symbol of ttie 
crtatal position and flic location of flie gateway as described 35 BCC franx;. Eadi mobile terminal 22 will also derive an 

above. Precise alignment is achieved and maintained by actual time of arrival signal (A-TOA) from flie traffic 

receiving the transmitted response channel, and deriving an channel frame received from its oome^mlcnt. For mobile 

A-TOA signal for ooii^)arison to E-TOA. The transmitted to mobile calls, each mobile terminal 22 will compare ttie 

signal timing is tfien adjusted until A-TOA is coincident witti received traffic burst A-TOA to E-TOA derived from ttie 
E-TOA The gateway rmist flien confirm ttiat all channels 60 BCC. Each naobile terininal 22 will then transniit advance or 

transmitted toward the satellite are synchronous with ttie retard timing correction back to flie corresponding mobile 

intra-network communications system response diannel. terminal via inband signalling on the traffic channel. 

The network timing reference is the satellite's time-slot Alternatively, ttie network timing reference in flie system 

interchange switch frame reference transmitted by flie sat- may originate from the primary gateway 26. and become 
ellite on the Ku-band downlink payload response channel 65 distributed to flic otticr elements of flie system via ttic BCC. 

Since mobile terminals 22 receive only ttie L-band down Of course, it should be understood ttiat a wide range of 

link, mobile terminal 22 synchronization must be assisted by changes and modifications can be made to the preferred 
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embodiment described above. For example, although the 
prefcned embodiment focuses on telephony conmumication 
in a mobile telephone system, the preferred meftod may also 
be used in any system requiring multiple access of die same 
canier firequency. Thus« it is intended that the foregoing 
detailed description be regarded as illustrative rather than 
limiting and that it be understood that it is the following 
claims, including all equivalents, which are intended to 
define the scope of this invention. 
What is claimed is: 

1. A method of synchronizing a transmitted frame timing 
in a mobile satellite communication system con^rising the 
steps of: 

receiving a timing reference signal from a satellite; 
deriving the time of receiving of said timing reference 
signal; 

adjusting the time of rccdviog of said timing reference 

signal based on satellite ephemeris information; 
t^oadcasting a control signal to said system; 
recdving said control signal from said system; 
deriving the time of receiving of said control signal; 
comparing the adjusted time of receiving of said timing 

reference signal with the time of receiving of said 

control signal; and 
adjusting said transmitted frame timing based on said 

conqiarison. 

2. The method as recited in claim 1 wherein said stq) of 
adjusting said transmitted frame timing based on said com- 
parison further comprises adjusting the offset of the trans- 
mitted frame relative to the timing reference signal until said 
control signal is coincident with said timing reference sig- 
nal. 

3. A method of synchronizing a transmitted frame timing 
in a mobile satellite communication system comprising the 
steps of: 

broadcasting a frame timing offset from a satellite to 
mobile terminal having a timer; 

receiving said frame timing offset information transmitted 
by said satellite in said mobile terminal; and 

adjusting said timer in said mobile terminal based on said 
timing offset information and satellite ephemeris infor- 
mation stored in said mobile terminal. 

4. A method of synchronizing a transmitted frame timing 
in a mobile satellite communication system con^Hising the 
steps of: 

broadcasting a frame timing offset from a gateway tcr- 
nunal to a mobile terminal having a timer; 

receiving said frame timing offset information transmitted 
by said gateway in said mobile terminal; and 

adjusting said timer in said mobile terminal based on said 
timing offset information and satellite ephemeris infor- 
mation stored in said mobile terminal. 

5. The m^od of claim 4, further comprising the step of: 
adjusting a transmit frame timing of said mobile terminal 

to compensate for said timing offset 

6. The method of claim 5, further comprising die steps of: 
transmitting a first signal from said mobile terminal to 

said gateway; 

receiving a mobile terminal frame timing offset from said 
gateway; and 

adjusting said transmit fr^me timing in said mobile ter- 
minal to compensate for said mobile terminal timing 
offset 

7. The method of claim 6. wherein said mobile tenninal 
timing offset compdses mobile terminal position offset in a 
spot beaia 
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8. The method of claim 4. further comprising the steps of: 
placing a call between said mobile terminal and said 

gateway; 

measuring a mobile terminal timing offset at said gate- 
^ way; 

reporting said mobile terminal timing c^set to said mobile 
terminal; 

adjusting said transmit frame tinung in said mobile ter- 
minal to conq)ensate for said mobile terminal timing 
offset 

9. The method of claim 8. further con^sing the step of: 
adjusting a transmit frame timing of said mobile terminal 

to compensate for said mobile terminal timing offset 
^3 10. The method of claim 4. wherein said timing offset 
information comprises satellite motion offset. 

11. The method of claim 4. further comprising the step of 
transmitting a doppler compensated signal from said gate- 
way to said satellite. 

12. The method of claim 4, further comprising the steps 

of 

transmitting a first signal from said gateway to a satellite; 
translating the time of arrival of said first signal to 

produce a second signal; 
25 transmitting said second signal from said satellite to a 

mobile terminal; 
monitoring the transmission of the second signal at said 

gateway; 

calculating a doppler offset for said first signal and for 
30 said second signal at said gateway; and 
measuring a satellite doppler offset 

13. The method of claim 12. further comprising the step 
of: 

adjusting a transmit frame timing of said mobile tenninal 
to compensate for said mobile terminal frame timing 
offset 

14. A mobile satellite communication system conqvising: 
a plurality of mobile terminals; 

^ a satellite ad^ted to communicate with eadi of said 
mobile terminals, said satdlite having a satellite refer- 
ence frame timing; 
at least one gateway in communication with said satellite, 
said gateway having a digital processor, said digital 

^3 processor including a routine for calculating a frame 
timing offset; 

said gateway transmitting said timing offset to at least one 
of said mobile terminals, said at least one mobile 
terminal receiving said timing offset and adjusting a 
5Q mobile terminal transmit frame timing to compensate 
for said timing offset 

15. The system of claim 14. wherein said mobile tenninal 
transmit frame timing offset con^irises mobile tenninal 
positicm offset from the center of a spot beam. 

55 16. The system of claim 14. wherein said satellite com- 
municates with said mobile terminals by transmitting and 
receiving signals over a plurality of ^t beams, each spot 
beam having a coverage region and at least one control 
channel; 

60 said routine calculates a plurality of timing offsets, each 
calculated timing offset associated with one of said spot 
beams and calculated based on the position of said 
coverage region for said associated spot beam; and 
said gateway transmits said plurality of timing offsets 

65 over said control channels to said mobile terminals. 

* « * « * 
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